Proxcache: A new cache deployment strategy in information-centric network for mitigating path and content redundancy by Ibrahim, Abdullahi
The copyright © of this thesis belongs to its rightful author and/or other copyright 
owner.  Copies can be accessed and downloaded for non-commercial or learning 
purposes without any charge and permission.  The thesis cannot be reproduced or 
quoted as a whole without the permission from its rightful owner.  No alteration or 
changes in format is allowed without permission from its rightful owner. 
 
PROXCACHE: A NEW CACHE DEPLOYMENT STRATEGY IN
INFORMATION-CENTRIC NETWORK FOR MITIGATING
PATH AND CONTENT REDUNDANCY
ABDULLAHI IBRAHIM
DOCTOR OF PHILOSOPHY
UNIVERSITI UTARA MALAYSIA
2016
Awang Had Salleh 
Graduate School 
of Arts And Sciences 
. ... " ,.,. .,.. , ". , .. 
Universiti ~ t 'ara  Malaysia 
PERAKUAN KERJA TESlS 1 DlSERTASl 
(Certitication of thesis / dissertation) 
Kami, yang bertandatangan, memperakukan bahawa 
(We, the undersigned, certify that) 
ABDULLAHI IBRAHIM 
calonhntuk ljazah PhD 
(candidafe for the degree ofJ . 
telah mengemukakan tesis 1 disertasi yang bertajuk: 
(has presented hidher thesis / dissertation of the follobving title): 
. . . . - . . . . 
u ~ ~ ~ ~ ~ ~ ~ ~ ~ :  A NEW CACHE DEPLOYMENT STRATEGY IN INFORMATION-CENTRIC 
NETWORK FOR MITIGATING PATH AND CONTENT REDUNDANCYJ' 
. . . . . . . . - . . . 
seperti yang tercatat di muka surat tajuk dan kulit tesis I disertssi. 
(as if appears on the title page and fronf cover of the thesis / dissertafion). 
I 
Bahawa tesisldisertasi tersebut boleh diterima dari segi bentuk serta kandungan dan 'meliputi bidang 
ilrnu dengan mernuaskan, sebagaimana yang ditunjukkan oleh calon dalam ujian lisan yang diadakan 
pada : 78 Mei 2076. 
That the said fhesiddissertattin is acceptable in form and confent and displays a satisfactory knowledge 
of the field of study as demonsfrated by the candidats through an oral examination held on: 
May 78,2076. 
Pengerusi Viva: Prof. Dr. Zulkhairi Md Dahalin 
(Chairman for VIVA) 
Pemeriksa Dalam: Dr. Massudi Mahmuddin Tandatangan 
(Internal Examiner) (Signature) 
Nama PenyelialPenyelia-penyelia: Dr. Ahmad Suki Che hloharned Arif Tandatangan 
(Name of Supenlisor/Supen~isors) (Signature) 5- 
Tarikh: 
(Dafe) 'May 18,2016 
Permission to Use
In presenting this thesis in fulfillment of the requirements for a postgraduate degree
from Universiti Utara Malaysia, I agree that the University Library may make it freely
available for inspection. I further agree that permission for the copying of this thesis
in any manner, in whole or in part, for scholarly purpose may be granted by my su-
pervisor(s) or, in their absence, by the Dean of Awang Had Salleh Graduate School of
Arts and Sciences. It is understood that any copying or publication or use of this thesis
or parts thereof for financial gain shall not be allowed without my written permission.
It is also understood that due recognition shall be given to me and to Universiti Utara
Malaysia for any scholarly use which may be made of any material from my thesis.
Requests for permission to copy or to make other use of materials in this thesis, in
whole or in part, should be addressed to:
Dean of Awang Had Salleh Graduate School of Arts and Sciences
UUM College of Arts and Sciences
Universiti Utara Malaysia
06010 UUM Sintok
ii
Abstrak
Salah satu paradigma yang menjanjikan perkongsian sumber adalah dengan menge-
kalkan asas semantik Internet ialah Rangkaian Maklumat Berpusat (ICN). Perbezaan
ICN dengan Internet semasa adalah dari segi keupayaan merujuk kandungan melalui
nama dan sebahagiannya dengan memutuskan amalan hos-ke-hos pada alamat-alamat
protocol Internet. Tambahan pula, pengagregatan kandungan dalam ICN dilihat seba-
gai tindakan utama untuk mencapai rangkaian-kandungan bagi tujuan mengurangkan
jumlah capaian pelayan. Amalan pengagregatan semasa dalam ICN menggunakan
Tinggalkan Salinan di Semua Tempat, menjanakan masalah lebihan pemendapan kan-
dungan yang dikenali sebagai kelewahan kandungan, kelewahan laluan, kurang kadar
kenaan-cache dalam pelbagai rangkaian dan rendah kepelbagaian kandungan. Kajian
ini mencadangkan strategi baru mengatur kedudukan cache yang dirujuk sebagai Pro-
Xcache untuk memperoleh hubungan nod menggunakan konsep hiper-pinggir daripa-
da hiper-graf untuk menentukan kedudukan cache. Kajian ini merumuskan hubungan
melalui anggaran laluan dan jarak untuk mengurangkan kelewahan kandungan dan
laluan. Kajian ini mengguna pakai pendekatan Reka Bentuk Kaedah Penyelidikan
(DRM) untuk mencapai objektif-objektif penyelidikan. ProXcache telah dikaji meng-
gunakan penyelakuan pada topologi rangkaian Abilene, GEANT dan DTelekom untuk
strategi pengagregatan LCE dan ProbCache dengan menggunakan taburan Zipf un-
tuk membezakan pengkategorian kandungan. Hasil kajian menunjukkan kelewahan
kandungan dan laluan keseluruhan dikurangkan dengan operasi pengagregatan kurang
enam pengendapan untuk setiap permintaan berbanding sembilan dan sembilan belas
bagi ProbCache dan LCE masing-masing. ProXcache menghasilkan nisbah kepel-
bagaian kandungan yang lebih baik iaitu 80% berbanding 20% dan 49% untuk LCE
dan ProbCache apabila saiz cache diperbagaikan.Hal ini juga meningkatkan nisbah
kenaan-cache melalui kedudukan proksi dalam ProXcache. Semua ini ada pengaruh
yang signifikan pada pembangunan ICN untuk pengurusan kandungan yang lebih baik
ke arah penggunaan dalam Internet masa depan.
Kata kunci: Internet Masa Depan, Kepelbagaian kandungan, Strategi pengagregatan,
Hiper-graf
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Abstract
One of the promising paradigms for resource sharing with maintaining the basic In-
ternet semantics is the Information-Centric Networking (ICN). ICN distinction with
the current Internet is its ability to refer contents by names with partly dissociating the
host-to-host practice of Internet Protocol addresses. Moreover, content caching in ICN
is the major action of achieving content networking to reduce the amount of server ac-
cess. The current caching practice in ICN using the Leave Copy Everywhere (LCE)
progenerate problems of over deposition of contents known as content redundancy,
path redundancy, lesser cache-hit rates in heterogeneous networks and lower content
diversity. This study proposes a new cache deployment strategy referred to as ProX-
cache to acquire node relationships using hyperedge concept of hypergraph for cache
positioning. The study formulates the relationships through the path and distance ap-
proximation to mitigate content and path redundancy. The study adopted the Design
Research Methodology approach to achieve the slated research objectives. ProXcache
was investigated using simulation on the Abilene, GEANT and the DTelekom network
topologies for LCE and ProbCache caching strategies with the Zipf distribution to dif-
fer content categorization. The results show the overall content and path redundancy
are minimized with lesser caching operation of six depositions per request as com-
pared to nine and nineteen for ProbCache and LCE respectively. ProXcache yields
better content diversity ratio of 80% against 20% and 49% for LCE and ProbCache
respectively as the cache sizes varied. ProXcache also improves the cache-hit ratio
through proxy positions. These thus, have significant influence in the development of
the ICN for better management of contents towards subscribing to the Future Internet.
Keywords: Future Internet, Content diversity, Caching strategy, Hypergraph.
iv
Declaration Associated with This Thesis
Some part of the work presented in this thesis have been published and submitted to
the following journals and conferences listed below:
[1] Ibrahim Abdullahi, Suki Arif, and Suhaidi Hassan. Survey on caching ap-
proaches in information centric networking. Elsevier Journal of Network and Com-
puter Applications, (56):48-56, July 2015. Rank Q1, ISI and Scopus Indexed.
[2] Ibrahim Abdullahi, Suki Arif, and Suhaidi Hassan. Ubiquitous Shift with In-
formation Centric Network Caching Using Fog Computing. Advances in Intelligent
Systems and Computing. Springer International Publishing, (331):327-335, January
2015. ISI and Scopus Indexed.
[3] Ibrahim Abdullahi, Suhaidi Hassan, and Suki Arif. Prospective Use of Bloom
Filter and Muxing for Information Centric Network Caching. ARPN Journal of Engi-
neering and Applied Sciences, 10(3):1169–1177, February 2015. Scopus Indexed.
[4] Ibrahim Abdullahi, Suki Arif, and Suhaidi Hassan. Content Caching in ICN
Using Bee-Colony Optimization Algorithm. Advanced Science Letters, Vol. 21 (11),
pp 3538-3542, 2015. ISI and Scopus indexed.
[5] Ibrahim Abdullahi and Suki Arif. Cache-less Redundancy Using Hypergraph in
Information Centric Network. Advanced Science Letters,Vol. 21 (11), pp 3548-3551,
2015. ISI and Scopus Indexed.
[6] Ibrahim Abdullahi and Suki Arif. Cache-Skip Approach for Information-Centric
Network. ARPN Journal of Engineering and Applied Sciences, 11(5):3413–3418,
March 2016. Scopus Indexed.
[7] Suki Arif, Suhaidi Hassan, Ibrahim Abdullahi. Cache Replacement Positions in
Information-Centric Network. 4th International Conference on Network Applications,
Protocol and Services (NETAPPS2015), Cyberjaya, Malaysia. 1-3 December, 2015.
v
[8] Ibrahim Abdullahi, Suki Arif and Mohd. Hasbullah Omar. Positioning Cache
in Information Centric Networking. Advanced Science Letters 2016. ISI and Scopus
Indexed.
[9] Ibrahim Abdullahi, Suki Arif . Content Diversity in Information-Centric Net-
work Caching . Advanced Science Letters 2016. ISI and Scopus Indexed.
[10] Fatima Binta Adamu, Adib Habbal, Suhaidi Hassan, R. Les Cottrell, Bebo White,
Ibrahim Abdullahi. A Survey on Big Data Indexing Strategies . 4th International
Conference on Network Applications, Protocol and Services (NETAPPS2015), Cy-
berjaya, Malaysia. 1-3 December, 2015.
[11] Ibrahim Abdullahi, Sahalu Junaidu, U. M Gana, Fatima B. Adamu. Scheduling:
Potential Criteria Evaluation Using Longer Job First. 4th International Conference on
Network Applications, Protocol and Services (NETAPPS2015), Cyberjaya, Malaysia.
1-3 December, 2015.
vi
Acknowledgements
In the name of ALLAH, Most Gracious, Most Merciful:
“Glory be to Thee! we have no knowledge but that which Thou hast taught us; surely
Thou art the Knowing, the Wise”. (The Holy Qur’an - (Surah Al Baqarah 2:32))
All praise and glory be to Allah for granting me health, strength and knowledge to
attain this stage of my life journey. The favors and mercy of preserving me are un-
deniable. My profound and sincere appreciation goes to my Supervisor, Dr. Ahmad
Suki Mohamed Arif for granting me the space and scholarly guidance through this
wonderful journey. It would have been almost impossible without you. Your profes-
sionalism and daily inspection on the work and my well-being was a key. Working in
this area with you has broaden my understanding and improved my thinking; I say a
very big thank you and may GOD increase you in wisdom, strength, health and wealth.
My special acknowledgment is to my super Supervisor, Prof. Dr. Suhaidi Hassan.
Your guidance is enormous that words are short to describe. I appreciate the guidance
and advices through presentation and objective criticism that binds us to the Labora-
tory. I want to thank you for providing us with the benevolent and most conducive
research environment.
My unreserved gratitude goes to my Parents, brothers and sisters; your prayers, sup-
ports, love and understanding kept me going. The strength of you all motivated my
journey to this length. You all showered your motivation to me that I could do it. I pray
that Allah almighty continue to strengthen our bonds and bless the entire household.
To my first research Teammate of ICN caching; Ikram Ud Din. Your motivational
force of working tirelessly through the difficult times of simulation, weather and de-
scriptive analysis shall never be forgotten. May God reward you abundantly. My ap-
preciation also continue to my International supports team specifically Ioannis Psaras,
vii
Saino Lorenzo for lending me a helping hand during my challenging time with the
ICARUS caching simulator. Dr. Cesar Bernadini, your relentless responses to my
emails are appreciated. Your support through guiding me during the simulation with
SocialCCNSim shall forever remain in my heart.
I want to specifically appreciate the efforts of the entire InterNetWorks Research Lab-
oratory, Universiti Utara Malaysia Team. You are my family forever and I shall live to
be honored to have ever worked with you. IEEE, ACM, Institute of Neural Network
Society, ICNRG and Internet Society has been too much of a help through out, Thank
you.
To the esteem team of the dedicated thesis reviewers. The Chairman, Prof. Dr.
Zulkhairi Md Dahalin, Prof. Dr. R. Badlishah Ahmad my external examiner from
Universiti Perlis, Malaysia. Your professional suggestions and recommendations were
golden in adding value to the thesis. My out most appreciation goes to Dr. Massudi
Mahmuddin who critically guided me through constructive inputs; without your sac-
rifices of reading and grading my work, the worthiness would not be there; I pray to
God to increase you in knowledge health and wealth. I also extend my appreciation to
Prof. Dr. Salmah Bint Ayob, Prof. Dr. Zulaikha Jamaludeen and Associate Professor
Osman Ghazali for their respective suggestions at the begining of my PhD journey.
I want to specially thank my University, Ibrahim Badamasi Babangida University,
Lapai for deeming it fit to encourage my coming to study in UUM. Your support
shall never be forgotten. To the entire members of the Department of Mathematics
and Computer Science. My Masters degree Professor Sahalu B. Junaidu, Associate
Professor S. E Abdullahi, Professor Adewale Olumide, and Associate Professor Buhari
Seyed; I owe my research background to your scholarly coaching and mentoring.
A special appreciation goes to the wonderful orthopedic Dr. Charanjeet Singh for
operating and constructing a new Anterior Cruciate Ligaments and Meniscus on my
right leg after the damage.
viii
My all-out appreciation, love and hearty cheers goes to my darling wife Fatima Binta
Adamu, your understanding and sacrifices are second to none. Your motivation and
supports kept me going even in the most difficult times of my study, my accidents and
surgery. Your demonstration and care is truly a reflection of the angelic blessing you
ferried into our young family; our little baby Hanan. Both of you are worthy of the
status of heroines as you showed me LOVE, patience and sacrifices. May Allah bless
you with Jannah and the best in this world. I LOVE you.
ix
Dedication
To my family and TEACHERS at all capacity of my Knowledge pursuit.
x
Table of Contents
Permission to Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii
Abstrak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii
Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvi
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvii
List of Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xx
CHAPTER ONE INTRODUCTION . . . . . . . . . . . . . . . . . . . . . 1
1.1 General Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Overview of ICN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 ICN Architectures and Research Issues . . . . . . . . . . . . . . . . . . . 4
1.4 Research Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.5 Cache Deployment Strategies in ICN . . . . . . . . . . . . . . . . . . . . 10
1.6 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.7 Research Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.8 Research Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
1.9 Research Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
1.10 Research Steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.11 Significance of the Research . . . . . . . . . . . . . . . . . . . . . . . . 14
1.12 Organization of the Thesis . . . . . . . . . . . . . . . . . . . . . . . . . 15
CHAPTER TWO LITERATURE REVIEW . . . . . . . . . . . . . . . . . 17
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.2 Information-Centric Networking . . . . . . . . . . . . . . . . . . . . . . 19
2.2.1 Naming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.2.2 Name Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.2.3 Mobility in ICN . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
2.2.4 Security in ICN . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
xi
2.2.5 Caching in ICN . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.3 ICN Architectures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.3.1 Content Centric Networking (CCN) . . . . . . . . . . . . . . . . 27
2.3.2 Data Oriented Networking Architecture (DONA) . . . . . . . . . 28
2.3.3 Publish-Subscribe Internet Routing Paradigm (PSIRP) . . . . . . 29
2.3.4 Network of Information (NetInf) . . . . . . . . . . . . . . . . . . 30
2.4 Caching in ICN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.4.1 Off-Path Caching . . . . . . . . . . . . . . . . . . . . . . . . . . 33
2.4.2 On-Path Caching . . . . . . . . . . . . . . . . . . . . . . . . . . 34
2.5 Cache Management Strategies . . . . . . . . . . . . . . . . . . . . . . . 35
2.5.1 Leave Copy Everywhere (LCE) . . . . . . . . . . . . . . . . . . 35
2.5.2 Probabilistic Cache (ProbCache) . . . . . . . . . . . . . . . . . . 36
2.5.3 Leave Copy Down (LCD) . . . . . . . . . . . . . . . . . . . . . 36
2.5.4 Move Copy Down (MCD) . . . . . . . . . . . . . . . . . . . . . 37
2.6 Cache Deployment Strategies . . . . . . . . . . . . . . . . . . . . . . . . 38
2.6.1 Proxy Deployment Strategy . . . . . . . . . . . . . . . . . . . . 39
2.6.2 Reverse Proxy Deployment Strategy . . . . . . . . . . . . . . . . 39
2.6.3 Transparent Deployment Strategy . . . . . . . . . . . . . . . . . 40
2.6.4 Adaptive Deployment Strategy . . . . . . . . . . . . . . . . . . . 41
2.6.5 Active Deployment Strategy . . . . . . . . . . . . . . . . . . . . 41
2.7 Cache Deployment in ICN Architectures . . . . . . . . . . . . . . . . . . 43
2.7.1 Cache Deployment in CCN . . . . . . . . . . . . . . . . . . . . . 43
2.7.2 Cache Deployment in DONA . . . . . . . . . . . . . . . . . . . . 43
2.7.3 Cache Deployment in PSIRP . . . . . . . . . . . . . . . . . . . . 44
2.7.4 Cache Deployment in NetInf . . . . . . . . . . . . . . . . . . . . 44
2.8 Hypergraph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
2.8.1 Properties of Hypergraph . . . . . . . . . . . . . . . . . . . . . . 45
2.8.2 Advantages of Hypergraph . . . . . . . . . . . . . . . . . . . . . 45
2.8.3 Hypergraph Relationship and Size . . . . . . . . . . . . . . . . . 46
2.9 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
2.10 Cache Size and Cache Location . . . . . . . . . . . . . . . . . . . . . . . 55
2.11 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
xii
CHAPTER THREE RESEARCH METHODOLOGY . . . . . . . . . . . 59
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
3.2 Research Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
3.3 Research Clarification (RC) . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.4 Descriptive Study-I (DS-I) . . . . . . . . . . . . . . . . . . . . . . . . . 63
3.5 Conceptual Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
3.5.1 Proposed Cache Deployment Strategy . . . . . . . . . . . . . . . 65
3.6 Perspective Study (PS) . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
3.6.1 Verification and Validation . . . . . . . . . . . . . . . . . . . . . 68
3.7 Descriptive Study-II (DS-II) . . . . . . . . . . . . . . . . . . . . . . . . 69
3.7.1 Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
3.7.2 SocialCCNSim cache Simulator . . . . . . . . . . . . . . . . . . 71
3.7.3 Topology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
3.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
CHAPTER FOUR PATH REDUNDANCY ELIMINATION . . . . . . . . 79
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.2 Theoretical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
4.2.1 Leave Copy Everywhere Strategy . . . . . . . . . . . . . . . . . 81
4.2.2 Leave Copy Down Strategy . . . . . . . . . . . . . . . . . . . . . 82
4.2.3 Probabilistic Cache Strategy . . . . . . . . . . . . . . . . . . . . 84
4.3 Path Redundancy Elimination (PRE) Model . . . . . . . . . . . . . . . . 84
4.3.1 Hypergraph Cache Deployment Strategy . . . . . . . . . . . . . . 86
4.3.2 Description of the Proposed PRE with Cache Capacity . . . . . . 91
4.4 PRE Model for ICN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
4.4.1 Path Discovery and Selection Model . . . . . . . . . . . . . . . . 99
4.4.2 Verification of the PRE Model . . . . . . . . . . . . . . . . . . . 101
4.4.3 Simulation and Validation of the PRE . . . . . . . . . . . . . . . 103
4.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
CHAPTER FIVE CONTENT REDUNDANCY ELIMINATION . . . . . 108
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
5.2 Theoretical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
xiii
5.2.1 Cache-able Contents . . . . . . . . . . . . . . . . . . . . . . . . 109
5.2.2 Cost of Coordination . . . . . . . . . . . . . . . . . . . . . . . . 109
5.2.3 Time of Content Phase . . . . . . . . . . . . . . . . . . . . . . . 110
5.2.4 Cache Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . 110
5.2.5 Cache Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
5.2.6 Cache Hit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
5.2.7 Diversity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
5.2.8 Cache Catalog . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
5.2.9 Traffic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
5.2.10 Content Categorization with Popularity Models . . . . . . . . . . 114
5.3 ProXcache Strategy (Prowess cache) . . . . . . . . . . . . . . . . . . . . 117
5.3.1 ProXcache Design . . . . . . . . . . . . . . . . . . . . . . . . . 118
5.3.2 ProXcache Case Scenario . . . . . . . . . . . . . . . . . . . . . . 118
5.3.3 ProXcache Simulation Case . . . . . . . . . . . . . . . . . . . . 120
5.4 Simulation Setup and ProXcache Test . . . . . . . . . . . . . . . . . . . 121
5.4.1 Simulation Result for Content Redundancy . . . . . . . . . . . . 122
5.4.2 Simulation Result on Diversity . . . . . . . . . . . . . . . . . . . 125
5.4.3 Simulation Results on Cache-Hit ratio . . . . . . . . . . . . . . . 127
5.4.4 Results Summary on GEANT and Abilene . . . . . . . . . . . . 128
5.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
CHAPTER SIX SIMULATION ANALYSIS AND EVALUATION . . . . . 132
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
6.2 Simulation and Evaluation of Content and Path Redundancy . . . . . . . 133
6.2.1 Simulation for Path Redundancy . . . . . . . . . . . . . . . . . . 133
6.3 Simulation and Evaluation on Cache-Hit Rate . . . . . . . . . . . . . . . 137
6.3.1 Cache-Hit Evaluation on File Sharing with α = 0.75 . . . . . . . 138
6.3.2 Cache-Hit Evaluation on Web Content with α = 0.80 . . . . . . 140
6.3.3 Cache-Hit Evaluation on Video on Demand with α = 1.2 . . . . . 142
6.4 Simulation and Evaluation on Diversity with α = 1.2 . . . . . . . . . . . 144
6.4.1 Diversity on Abilene Topology . . . . . . . . . . . . . . . . . . . 144
6.4.2 Diversity on GEANT Topology . . . . . . . . . . . . . . . . . . 147
xiv
6.4.3 Diversity on DTelekom Topology . . . . . . . . . . . . . . . . . 149
6.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
CHAPTER SEVEN CONCLUSION AND FUTURE WORKS . . . . . . . 153
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
7.2 Summary of the Research . . . . . . . . . . . . . . . . . . . . . . . . . 154
7.3 Research Contribution . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
7.4 Limitation of the Study . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
7.5 Future Research Direction . . . . . . . . . . . . . . . . . . . . . . . . . 158
REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
xv
List of Tables
Table 2.1 Simulation Parameters . . . . . . . . . . . . . . . . . . . . . . . . 50
Table 2.2 Cache Summaries . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Table 5.1 Simulation Description Value . . . . . . . . . . . . . . . . . . . . 121
Table 6.1 Content-Path Redundancy on File sharing with α = 0.75 . . . . . . 134
Table 6.2 Content-Path Redundancy on Web Content with α = 0.80 . . . . . 136
Table 6.3 Content-Path Redundancy on Video on Demand with α = 1.2 . . . 137
xvi
List of Figures
Figure 1.1 ICN Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Figure 1.2 Global Internet Traffic in a Minute . . . . . . . . . . . . . . . . . 7
Figure 2.1 Research Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Figure 2.2 ICN Concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Figure 2.3 Naming in ICN . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Figure 2.4 Name Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Figure 2.5 Content Centric Networking (CCN) . . . . . . . . . . . . . . . . . 27
Figure 2.6 Data Oriented Networking Architecture (DONA) . . . . . . . . . 29
Figure 2.7 Publish-Subscribe Internet Routing Paradigm (PSIRP) . . . . . . . 30
Figure 2.8 Network of Information (NetInf) . . . . . . . . . . . . . . . . . . 31
Figure 2.9 Mechanism of Leave Copy Everywhere . . . . . . . . . . . . . . . 36
Figure 2.10 Mechanism of ProbCache . . . . . . . . . . . . . . . . . . . . . . 37
Figure 2.11 Mechanism of Leave Copy Down . . . . . . . . . . . . . . . . . . 37
Figure 2.12 Mechanism of Move Copy Down . . . . . . . . . . . . . . . . . . 38
Figure 2.13 Proxy Cache Deployment Strategy . . . . . . . . . . . . . 39
Figure 2.14 Reverse Proxy Deployment Strategy . . . . . . . . . . . . . . . . 40
Figure 2.15 Transparent cache Deployment Strategy . . . . . . . . . . . . . . 41
Figure 2.16 Adaptive Deployment Strategy . . . . . . . . . . . . . . . . . . . 42
Figure 2.17 Active Deployment Strategy . . . . . . . . . . . . . . . . . 42
Figure 2.18 LCE Abilene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Figure 2.19 LCD Abilene . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Figure 2.20 ProbCache Abilene . . . . . . . . . . . . . . . . . . . . . . . . . 53
Figure 2.21 LCE DTelekom . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Figure 2.22 LCD DTelekom . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Figure 2.23 ProbCache DTelekom . . . . . . . . . . . . . . . . . . . . . . . . 55
Figure 2.24 Composite LCD, LCE and ProbCache . . . . . . . . . . . . . . . 56
Figure 3.1 Research Approach . . . . . . . . . . . . . . . . . . . . . . . . . 61
Figure 3.2 Research Clarification Steps . . . . . . . . . . . . . . . . . . . . . 62
xvii
Figure 3.3 Descriptive Study-I . . . . . . . . . . . . . . . . . . . . . . . . . 63
Figure 3.4 Conceptual model for cache deployment strategy . . . . . . . . . . 65
Figure 3.5 Validation Process . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Figure 3.6 CCNSim Architecture . . . . . . . . . . . . . . . . . . . . . . . . 72
Figure 3.7 Simulation setup . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
Figure 3.8 ISP-level Network Topologies . . . . . . . . . . . . . . . . . . . 76
Figure 4.1 Abilene topology . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Figure 4.2 Simulation run on SocialCCNSim . . . . . . . . . . . . . . . . . 101
Figure 4.3 PRE model in SocialCCNSim . . . . . . . . . . . . . . . . . . . . 102
Figure 4.4 Topology Manager in SocialCCNSim . . . . . . . . . . . . . . . . 103
Figure 4.5 PRE, LCE and ProbCache on Abilene . . . . . . . . . . . . . . . 104
Figure 4.6 PRE, LCE and ProbCache on Tree . . . . . . . . . . . . . . . . . 105
Figure 4.7 PRE, LCE and ProbCache on GEANT . . . . . . . . . . . . . . . 106
Figure 4.8 PRE, LCE and ProbCache on DTelekom . . . . . . . . . . . . . . 106
Figure 5.1 Zipf Content Categorization . . . . . . . . . . . . . . . . . . . . . 116
Figure 5.2 Network Case 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Figure 5.3 Social Network Graph . . . . . . . . . . . . . . . . . . . . . . . . 122
Figure 5.4 Content Redundancy on Abilene N=100 . . . . . . . . . . . . . . 123
Figure 5.5 Content Redundancy on Abilene N=500 . . . . . . . . . . . . . . 124
Figure 5.6 Content Redundancy on Abilene N=1000 . . . . . . . . . . . . . 124
Figure 5.7 Diversity on Abilene N=100 . . . . . . . . . . . . . . . . . . . . 125
Figure 5.8 Diversity on Abilene N=500 . . . . . . . . . . . . . . . . . . . . 126
Figure 5.9 Diversity on Abilene N=1000 . . . . . . . . . . . . . . . . . . . . 126
Figure 5.10 Cache Hit Simulation Results on Abilene . . . . . . . . . . . . . . 128
Figure 5.11 Content Redundancy Summary on Abilene . . . . . . . . . . . . . 129
Figure 5.12 GEANT topology summary on Diversity . . . . . . . . . . . . . . 130
Figure 6.1 Information-Centric Network Simulator . . . . . . . . . . . . . . 133
Figure 6.2 File sharing with α = 0.75 . . . . . . . . . . . . . . . . . . . . . 135
Figure 6.3 Web Content with α = 0.80 . . . . . . . . . . . . . . . . . . . . . 136
Figure 6.4 Video on Demand with α = 1.2 . . . . . . . . . . . . . . . . . . . 138
xviii
Figure 6.5 Cache-hit Case 1in Abilene topology . . . . . . . . . . . . . . . . 138
Figure 6.6 Cache-hit Case 2 in DTelekom topology . . . . . . . . . . . . . . 139
Figure 6.7 Cache-hit Case 3 in GEANT topology . . . . . . . . . . . . . . . 140
Figure 6.8 Cache-hit Case 4 in Abilene topology . . . . . . . . . . . . . . . . 140
Figure 6.9 Cache-hit Case 5 in GEANT topology . . . . . . . . . . . . . . . 141
Figure 6.10 Cache-hit Case 6 in DTelekom topology . . . . . . . . . . . . . . 142
Figure 6.11 Cache-hit Case 7 in Abilene topology . . . . . . . . . . . . . . . . 143
Figure 6.12 Cache-hit Case 8 in GEANT topology . . . . . . . . . . . . . . . 143
Figure 6.13 Cache-hit Case 9 in DTelekom topology . . . . . . . . . . . . . . 144
Figure 6.14 Diversity on Abilene topology . . . . . . . . . . . . . . . . . . . 145
Figure 6.15 Diversity Case 6 in Abilene topology . . . . . . . . . . . . . . . . 146
Figure 6.16 Diversity Case 7 in Abilene topology . . . . . . . . . . . . . . . . 147
Figure 6.17 Diversity Case 1in GEANT topology . . . . . . . . . . . . . . . . 148
Figure 6.18 Diversity Case 2 in GEANT topology . . . . . . . . . . . . . . . . 148
Figure 6.19 Diversity Case 3 in GEANT topology . . . . . . . . . . . . . . . . 149
Figure 6.20 Diversity Case 4 on DTelekom topology . . . . . . . . . . . . . . 149
Figure 6.21 Diversity Case 5 on DTelekom topology . . . . . . . . . . . . . . 150
Figure 6.22 Diversity Case 6 on DTelekom topology . . . . . . . . . . . . . . 151
Figure 7.1 Summary of Research Contribution . . . . . . . . . . . . . . . . . 157
xix
List of Abbreviations
AS - Autonomous System
CCN - Content Centric Network
COMET - Content Mediator Architecture for Content Aware Network
CS - Content Store
DHT - Distributed Hash Table
DONA - Data Oriented Network Architecture
DRM - Design Research Methodology
DS-I - Descriptive Study-I
DS-II - Descriptive Study-II
EU - European Union
FIB - Forwarding Information Base
ICN - Information Centric Network
ICNRG - Information Centric Network Research Group
IP - Internet Protocol
ISP - Internet Service Provider
LCD - Leave Copy Down
LCE - Leaave Copy Everywhere
MDHT - Mulitlevel Distributed Hash Table
NDO - Named Data Object
NetInf - Network of Information
NR - Name Resolution
NRS - Name Resolution System
PIT - Pending Interest Table
PS - Perspective Study
PRE - Path Redundancy Elimination
ProbCache - Probabilistic Cache
ProXcache - ProXy Cache
PSIRP - Publish-Subscribe Internet Routing Paradigm
PURSUIT - Publisher Subscriber Internet Technology
xx
P2P - Peer-2-Peer
RENE - Rendezvous Network
RH - Resource Handlers
SAIL - Scalable Adaptive Internet Solution
SMA - Shared Memory Architecture
SSL - Secure Socket Layer
TSB - Time Since Birth
TSI - Time Since Inception
UGC - User Generated Content
URL - Uniform Resource Locator
VNI - Virtual Network Index
VoD - Video on Demand
xxi
CHAPTER ONE
INTRODUCTION
1.1 General Overview
Information dissemination has been the main idea that gave birth to the Internet. Its
flexibility has since been widely acceptable due to the Internets benefits out-weighing
the threats of security, privacy and other vulnerabilities associated to its practice. The
current Internet was built on the architectural plan of host-to-host communication idea.
However, benefiting users are tending to be less concerned about the host of these in-
formation with the quest of having to concentrate more on the content ahead of the host
address. This practice on the Internet is therefore seen as the projection for the future
Internet to Internet of Things (IoT), Internet of Everything (IoE), Cloud infrastructure
and fifth generation (5G) technology. With the huge amount of data being requested
and transferred over the Internet hitting the mark of about 1,000 Exabytes (Zettabyte)
in year 2016 according to Cisco Virtual Network Index (VNI) [1, 2, 3]. Therefore, a
need to subscribe into the Information-Centric Networking is deemed appropriate. As
the name implies, Information Centric Network (ICN) [4, 5] usually described along-
side Networking Named Content [6] is aimed at achieving the possibilities of bringing
a new dimension and improved information dissemination on the Internet.
The major point of distinction between the traditional/conventional Internet will be its
ability to use names (content-aware) and not the host address content like the conven-
tional Internet Protocol (IP) addressing. Several researches and studies have received
huge interests by proposing various architectural platforms in ICN to meet the yearned
aspiration for a shift to content-centric networking. ICN projects has proven that the
aspiration will soon be a success in line with the huge support it has been receiving
through European Union FP7 projects, Internet Research Task Force (IRTF) and Inter-
1
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